Background: Cardiogenic Acute Pulmonary Edema (APE) is considered one of the main medical emergencies, and it is the extreme manifestation of acute heart failure. The main etiology of heart failure is ischemic heart disease. To date, the definition of ischemic etiology in acute pulmonary edema was based on criteria such as: clinical history of ischemic heart disease, noninvasive examinations and, in other patients, coronary angiography. Classified as such, ischemic heart disease has been shown to be its main etiology. The high prevalence between these two diseases was evaluated, but not by the exclusive angiographic criterion, the gold standard of this pathology and the reason of this study.
Introduction
Acute Pulmonary Edema (APE) is the extreme expression of acute heart failure (HF) in the emergency room, being classified as cardiogenic (APE) or non-cardiogenic (Acute Respiratory Distress Syndrome -ARDS). The etiology and pathophysiological mechanisms differ between them. The first occurs due to the increase in hydrostatic pressure within the pulmonary capillary, and the second type is a consequence of the increased permeability of the alveolar-capillary membrane. It is important to consider the clinical history to identify each of these types, as the diseases related to each type are well recognized; however, misdiagnosis can occur due to the coexistence of diseases in the same clinical scenario. APE corresponds to the second highest hospital Acute pulmonary edema. Coronary artery disease. Int J Cardiovasc Sci. 2018;31(2)133-142
Original Article cost among the modalities of acute HF, with the first one being cardiogenic shock. 1 APE 30-day mortality is still considered high. In the study by Figueras et al., 2 it was observed that the mortality rate in 216 consecutive patients admitted with APE in a single center was 14.1%.
Severe Coronary Artery Disease (CAD) is often the anatomical substrate in patients with APE, as shown by Graham et al. 3 in a study of 119 patients with APE, of which 71 (60%) had a significant coronary lesion; 35 (49%), lesion in three epicardial vessels; and 7 (10%), left coronary trunk lesion.
Ischemic heart disease is the most frequent etiology of chronic HF worldwide 4 and in Brazil. 5 APE is a severe clinical expression of acute HF and obstructive CAD (arterial lumen mostly occluded) is often related to this clinical syndrome. The present study aimed to determine the predictors of obstructive CAD in this extreme HF clinical condition. We believe that we can contribute to the decision-making concerning patients who have this syndrome and with a suspected ischemic substrate for its occurrence.
Methods
An observational, cross-sectional, diagnostic study with prospective data collection was performed, analyzing 149 patients between 40 and 80 years of age, consecutively admitted to a public emergency unit, specialized in cardiology, after registration in the hospital admission authorization form and patient history was reviewed by the research team. If the APE etiology was not clearly defined, such as uremic syndrome, previously known valvulopathy, well-defined cardiomyopathy at the echocardiogram and ST-segment elevation myocardial infarction, the patient was invited to participate in the study. Kidney dysfunction with creatinine >2 mg% was an exclusion criterion.
Creatinine values above 2mg% were included in the study if a coronary angiography (CA) had been requested by the attending physician prior to the study protocol evaluation. After signing the Free and Informed Consent form (CAAE 05503912.6.0000.5544), the CA was requested, aiming at defining the degree of coronary obstruction. Patients who had undergone the examination 1 year prior to the study and had normal results or had CAD definition without new therapeutic possibilities were not submitted to a new examination. The CA was analyzed by a single physician who was only aware of the reason for the hospitalization, APE. Obstructive CAD was considered severe if more than two-thirds (70%) of the arterial lumen, including total vessel occlusion, were occupied and if an epicardial vessel was affected: right coronary artery and its branches, circumflex artery and its branches, anterior descending artery, diagonal artery and 50% if the left main coronary artery was affected. The CA was part of the research protocol because, as part of the primary objective, it was necessary to determine the predictors of severe obstructive coronary disease, and this is the gold standard examination for the investigation of this pathology.
The electrocardiogram was performed on the first and second days, and was analyzed by an arrhythmologist, a specialist on the subject. All patients underwent Doppler echocardiography. Ultrasensitive troponin (Roche laboratory equipment) was performed on the first and second days and two cardiologists were asked to interpret the results if the obtained values were compatible with APE precipitated by or associated with an acute coronary event.
The diseases considered to be present, such as systemic arterial hypertension, diabetes mellitus, prior stroke, valvulopathy, asthma and chronic obstructive pulmonary disease, were taken into account based on the information provided by the patient. Smoking was considered when the patient was a current smoker, or when the patient had been an ex-smoker for less than 2 years.
Statistical analysis
To create the explanatory model for the occurrence of obstructive coronary disease, the following variables were collected: age, gender, presence of chest pain on admission, suggestive of myocardial ischemia prior to dyspnea, presence of previous dyspnea, history of coronary disease (classic angina pectoris, history of acute myocardial infarction, surgical or percutaneous myocardial revascularization); electrocardiographic alteration suggestive of myocardial ischemia (ST depression ≥ 0.05 mV − or negative T wave ≥ 2 mm in leads correlated to a coronary artery occlusion on admission and/or electrocardiographic evolution of an acute ischemic event, such as a new q wave and/or dynamic change in ST or T); high-sensitivity troponin T value and its evolution in the first 48 hours, with measurements made on the first and second days; ejection fraction at the echocardiogram and myocardium segmental deficit at the echocardiogram; blood pressure at admission, and risk factors for atherosclerotic disease and atherosclerosis-related diseases, such as peripheral obstructive arterial disease and stroke, systemic arterial hypertension, diabetes mellitus and smoking.
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To characterize the study population and perform the bivariate analysis, the continuous variables were shown as means and standard deviation, when they had a normal distribution, or by medians and interquartile ranges. The normality hypothesis was verified by the Kolmogorov-Smirnov test. When searching for an association between the obstructive coronary artery disease predictive variables, Pearson's chi square test was used for the comparison of proportions, whereas the Mann-Whitney test was used for the comparison of medians and the Student's t test for the comparison of the means. The variables that showed statistical significance of up to 10% (p < 0.10) were eligible for the multivariate model. The logistic regression model was applied. The Hosmer-Lemeshow test was used for the model assessment, and model performance was assessed through the area under the curve (AUC) of the Receiver Operating Characteristic (ROC) curve. The statistical software Stata for Windows, version 12, was used for the statistical analyses.
Results
Of the 149 patients, 89 (59%) had severe obstructive CAD. Most patients were elderly and female (Table 1) .
A moderate lesion alone was observed in 9 patients (6%) of the 149 coronary angiograms evaluated. In most cases, the affected coronary artery was restricted to an epicardial vessel, with the right coronary artery being the one most frequently involved. An affected left main coronary artery and the involvement of three vessels were observed in 11 (12%) and 15 (17%) of the 89 patients, respectively, as described in Table 2 . Table 3 shows the detailed involvement of the epicardial vessels. It was observed that severe coronary artery disease more often affected the population with diabetes, peripheral obstructive arterial disease, those with a history of coronary artery disease and stroke.
As for the ejection fraction at the echocardiogram, the mean value was above 45% and in most cases, it was evaluated using the Teichholz method. The median troponin I on the first day was 0.086 ng/mL (normal value 0.014 ng/mL), and the interquartile range was 0.036 and 0.201 ng/mL in patients with APE. Troponin was considered positive when two independent cardiologists classified it as suggestive of an APE-related acute coronary event, a fact observed in 77 patients (51.3%) ( Table 1) .
Mean systolic and diastolic blood pressures were high. The most often found alteration in the electrocardiogram was ST depression, verified in most assessed patients (53.5%).
An intracoronary thrombus was visualized in 4 (3%) of the 122 patients in which CA was performed during hospitalization. One had elevation of CK-MB mass and troponin, with very high values -respectively, 86 mg/mL (reference value of 4.54 mg/mL) and 1.29 ng/mL (reference value of 0.014 ng/mL) -, suggesting values compatible with coronary artery occlusion. The electrocardiogram showed ST depression of 1 mV in the inferior wall, V4 to V6 and ST elevation of 1 mV in aVR and V1. The CA showed a thrombus in the anterior descending artery and severe lesions in the diagonal and right coronary arteries.
The univariate analysis of the possible predictors of obstructive CAD is described in Table 4 . Ischemic chest pain, diabetes mellitus, systemic arterial hypertension, history of CAD, history of obstructive peripheral arterial disease, stroke, ejection fraction, myocardium segmental deficit at the echocardiography, presence of Q wave and evaluation of the absolute measurement of troponin on the first day were associated with obstructive CAD (p < 0.1).
The variables that were included in the multivariate model and the independent variables of obstructive CAD were history of CAD (p < 0.000) and myocardium segmental deficit (p < 0.02), as described in Table 5 .
The model performance was evaluated by the area under the curve (AUC) of receiver operating characteristic (ROC) curve, as shown in Figure 1 . The AUC was shown to have a good discriminatory power with a C-statistics of 0.905 (95% confidence interval -95%CI: 0.862-0.954).
Discussion
APE is a severe expression of acute heart failure (AHF) in the emergency room. It has been commonly interpreted in the presence of a positive necrosis marker as an expression of unstable coronary disease, as defined by Figueras et al. 2 and Pena-Gil et al. 6 However, it is known that AHF, alone, alters the marker -either CKMB or troponin -and therefore it is not a reliable marker for the diagnosis of acute coronary syndrome. 7 Thus, this diagnosis is difficult in the absence of clear and evident electrocardiographic alterations of an arterial occlusion, such as ST-elevation with its respective classical evolution at the electrocardiogram. Classifying serial troponin measurements, increased in APE, as secondary to an acute coronary event is not reasonable in this model and brings costly consequences for the health system, 8 since the presence of CAD in acute HF increases the time and costs of hospitalization, according Purek et al. 9 It is noteworthy the fact that alterations in the electrocardiogram, which may suggest ischemia, such as changes in ST (depression) and T wave, were not part of the predictor model, suggesting that such changes can be found with or without obstructive CAD. 10 This was verified in the series of nine cases by Littmann, 11 in which negative and deep T waves and QT increase were not associated with coronary disease at the electrocardiogram after 24 hours of APE. One must always consider that other causes of ST depression may occur, such as left ventricular hypertrophy and drug use (such as digoxin) and, perhaps, the relative ischemia itself, which may occur during an episode of APE, where hypoxia is invariably present and, when associated with an increase in troponin, can be considered a type-2 acute myocardial infarction. 10 The exact mechanism of the found alterations is poorly defined, attributing the electrophysiological responses of myocardial cells to adrenergic stimulation and myocardial hypoxia, which usually accompany the clinical condition of APE. In this series, only four patients underwent invasive investigation.
That study was not intended to evaluate mortality, but it was 15% over a one-year period -emphasizing that contact was established with only 48% of the study population. In the study by Figueras et al., 2 mortality at 30 days was 14%. That demonstrates disease severity, even in the present day.
Severe valvular disease occurred in 15 cases (10%). It is worth remembering that no prior valvulopathy was known and that 11 cases (73%) had severe aortic stenosis, which is characteristic of the study population's profile, whose mean age was 65.4 ± 10.2.
This study shows that severe obstructive coronary disease was present in most patients with acute pulmonary edema, but variables commonly used in the emergency room to identify its presence failed, such as the interpretation of troponin levels and chest pain preceding the clinical picture. Of course, we expect to find the predictors related to this condition -such as history of coronary disease and the segmental deficit at the echocardiogram -in this pathology.
Study limitations and prospects
The present study showed that obstructive coronary disease is prevalent in patients with APE: 59% of patients had some artery with severe obstructive lesion as demonstrated by the invasive hemodynamic study. Percutaneous intervention was not performed in most individuals with this condition, that is, increased troponin and obstructive CAD; as previously mentioned, the research was not designed to answer this question.
Moreover, considering the high frequency of troponin positivity in all the acute conditions affecting the heart, and the intersection of symptoms in the different etiologies, one expects a misdiagnosis when there is no specific marker for a given disease, such as the electrocardiogram in acute myocardial infarction with ST elevation and total atrioventricular block. This has occurred in clinical practice, in which symptoms associated with myocardial ischemia and positive troponin have elicited the request for a CA, interpreting the whole set as an acute ischemic syndrome.
Another limitation would be the CAD progression in patients who were submitted to CA in less than 1 year and the disease occurred during this period. It is assumed, however, that any research process restricted to a single research center results in limitations, considering the differences of conduct and clinical interpretations found in health units.
Conclusion
In hospitalized individuals with acute pulmonary edema of unclear origin, prior history of coronary artery disease and segmental myocardial contractility deficit were the independent predictors of obstructive coronary disease. Of these two predictors, the previous history of coronary artery disease is the main probabilistic determinant, practically guaranteeing the presence of obstructive coronary disease. However, in the absence of a previous history of coronary artery disease or stroke, the probability of obstructive coronary disease is an intermediate one, being modulated by two independent predictors: ejection fraction and myocardial contractility
